The contents, composition and radical scavenging capacity of phenolic compounds from parsnips of various root weights grown in Serbia were examined. The content of phenolic compounds depended on root size, and the highest content was in the group where the samples with the lowest root size were grouped. The content of phenolic compounds varied from 109.7 to 125.3 mol of chlorogenic acid per g dry extract, i.e.5470.8 to 6245.1 mg per kg fresh weight. Among the identified compounds were quercetin, kaempferol, apigenin and genkwanin glucosides and hydroxycinnamic and caffeoylshikimic acids. The highest antioxidant capacity was found for the group with the lowest root weight; the IC 50 values ranged from 1.59 to 2.49 mg mL 1 . There was positive correlation between the total phenolic content and scavenging capacity, and the kaempferol glucosides content could be an indicator of DPPH scavenging capacity of parsnip roots.
Phenolic compounds are product of secondary metabolism of plants which arise biogenetically from the main synthetic pathways: shikimate and acetate [1] . In the plant kingdom phenols are one of the most numerous groups of substances with more than 8000 structures [2] . Phenolic compounds have free radical scavenging abilities, which depend on the exposure to stress such as light, temperature, water [3, 4] , nutritional deficiencies [5, 6] , type of vegetable tissue [7, 8] , mechanical damage, such as wounding [9] , maturation stages [10] , and chemical structure [11] . Phenolic compounds have anti-mutagenic and anti-carcinogenic activities [3] , the ability to reduce cardiovascular and carcinogenic risk, and antigenotoxic [12] and estrogenic activities [13] . Numerous studies confirm the relationship between the dietary intake of phenolic compounds, especially flavonoids, and those abilities [14] . It has also been reported that phenolic acids were responsible for the bitter taste of carrot roots [15] . Several methods have been developed for the determination of the free radical scavenging abilities of phenolic compounds, typically based on spectrometric measurements of the disappearance of free radicals, such as 2,2 diphenyl-1-picrylhydrazyl (DPPH radical) [16, 17] . This method is also used for the determination of the antioxidant activity of essential oils [18] .
Parsnip (Pastinaca sativa L.) has a sweet and nutty flavor with a characteristic aroma. It is a root vegetable related to the carrot, except for its light yellow color and, unlike carrot, does not contain beta-carotene, but has a stronger flavor and is richer in vitamins and minerals than most carrots. Parsnip is particularly rich in vitamin C and potassium and is a good source of dietary fibers [19] . In order to characterize the phenolic compounds in parsnip roots, the present work was undertaken with the following objectives: (1) to determine the content and composition of phenolic compounds in different size parsnip roots, (2) to determine their scavenging capacity, and (3) to find the correlations between scavenging capacity, total phenolic compounds and the main phenolic compounds. The moisture contents, extract yields, expressed as g per kilogram of plant material, dry weight, the total phenolic content, expressed as mol of chlorogenic acid per g dry extract, and IC 50 value of the phenolic parsnip roots extracts are shown in Table 1 . The results are mean values of three parsnip roots subgroups.
Our results showed that the phenolic compounds content varied from 109.7 to 125.3 mol of chlorogenic acid per g dry extract, and the phenolic compounds content depended on root size. Taking into account the moisture content and extract yield, the total phenolic compound contents were 5470.8, 5734.6 and 6245.1 mg of chlorogenic acid per kg fresh weight of P1, P2 and P3 parsnip root groups, respectively. So, the highest phenolic content was in the P1 parsnip group where the samples with the lowest root size, i.e. weight, were grouped. In the literature available to us, there are data about total soluble phenolic contents of cut and shredded fresh parsnip leaves. The phenolic content was approximately 500 mg chlorogenic acid per kg of fresh weight of leaves and the antioxidant activity was approximately 500 g Trolox equivalent per g fresh weight. There are also data for the total soluble phenolic content of parsnip tissue and antioxidant capacity, after wounding, which increased by 13 and 12%, respectively [9] . If we compare these results with those of Fernando et al. [9] , we find that the total phenolic content is from 11 to 12.5 times higher in fresh parsnip root than in parsnip leaves.
The results of antioxidative capacity of phenolic extracts of parsnip roots is shown in Figure 1 . The scavenging capacity was from 69.7 to 83.9% and the IC 50 values were from 1.59 to 2.49 mg mL 1 . Generally, the lower IC 50 value indicates higher antioxidant capacity, and the roots of P1 group, the samples with the lowest weight, had better antioxidant capacity than the others. For Trolox, the equivalent concentration was 3.67 g mL 1 , so the investigated samples showed much lower antioxidant capacity than this compound.
The HPLC chromatogram of the 80%, v/v, ethanol extract of the phenolic compounds from the P2 sample showed the presence of 11 compounds, which are presented in Table 2 . Compounds with retention times of 11.7, 24.5 and 49.2 min (peak numbers 1, 7 and 10, respectively) were not identified, although they were present in the samples in high percentage.
The unidentified compound with the retention time of 11.7 min formed 11.5% of sample P1 and 28.8% of sample P3, and compounds with retention time of 24.5 and 49.2 min formed 5.8% and 7.8% of sample P1, respectively. Two derivatives of each of kaempferol and quercetin were detected and the total content of these compounds was calculated. The total kampferol glucoside contents were 3.6, 3.7 and 3.9%, for P1, P2 and P3, respectively, and the total quercetin glucosides were 5.9, 6.7 and 7.6%, for the same samples, respectively. Among the identified compounds, quercetin glucosides had the highest share and the total kaempferol glucoside and hydroxycinnamic and caffeoylshikimic acids had contents below 4% in all investigated samples.
The correlation coefficients and significance levels of ten parameters (extract yield -EY; total phenolic compounds content-TPC; scavenging capacity-SC; concentration of investigated extracts sufficient to decrease the initial DPPH concentration by 50%-IC 50 ; kaempferol glucosides -KG; hydroxycinnamic acid-HA; caffeoylshikimic acid content-CA; total quercetin glucoside-QG and apigenin glucoside-AG share), obtained by statistical analysis are presented in Table 3 . The sample size was nine (N=9, three groups and three subgroups of parsnip roots) and only the correlations which are above the absolute value of 0.8 were taken into consideration. The high EY was associated with low TPC and high KG and it could mean that parsnip roots, besides phenolic compounds, contained components which were extracted by the used method, and kaempferol glucosides were the dominant phenolic compounds in parsnip roots. Some of the NIC could also be kaempferol glucosides.
The correlations showed that the high SC was associated with high TPC content, but low CA and QG share. On the other side, the high IC 50 was associated with low KG and high CA. Our investigations showed a positive correlation between the TPC and scavenging capacity; in the literature there are varying data about this correlation. Based on investigation of the phenolic content and antioxidant capacity of 70 medicinal plant extracts Katalinic et al. [20] also found a positive correlation, but based on the phenolic compounds content and antioxidant capacity of 24 medicinal plants, amongst which was parsnip fruit, Souri et al. [21] found a negative correlation between these parameters. As the lower IC 50 value indicates higher antioxidant capacity, the obtained correlations showed that KG were the most responsible components for the antioxidant activity of parsnip roots. The opposite correlation between TPP and QG share showed the high TCC indicated the low QG share.
Experimental
Plant material: Parsnip cv Pannonian smooth roots were bought in a local store in Leskovac, Serbia and, based on root size i.e. weight, were grouped into P1 (555 g), P2 (10010 g) and P3 (37020 g) groups. Each group had 3 subgroups and 5 samples were collected for each subgroup; the roots had the same period of development. The roots were cut into cube shape (1.5 x 1.5 x 1.5 cm), dried at 45 o C for 6 h, left at room temperature for 1 h, and milled to an average particle size of 0.5 mm.
Moisture content:
The parsnip roots moisture content was determined by using a Scaltec SMO 01 analyzer (Scaltec Instruments, Germany). Plant material (3 g) was dried at 110 o C to a constant weight, and moisture content was read from the analyzer display. Triplicate experiments were performed.
Extract preparation: Plant extract preparation was according to the procedure of Dokhani et al. [22] . Dried and milled parsnip roots (3 g) were mixed with 80 mL 80%, v/v, ethanol. The mixture was stirred with an IKA MR1 magnetic stirrer for 10 min at 200 min -1 and vacuum filtered through a No. 54 Whatman filter paper. The solids were re-extracted with 60 mL 80%, v/v, ethanol, the filtrates combined and made to a final volume of 250 mL. For the measurement of total phenolic compounds content, 10 mL of each extract was filtered through a 0.45 m membrane filter. For antioxidant capacity measurements and HPLC analysis, 200 mL of each extract was evaporated in vacuum at 45 o C until dry and dissolved in 96%, v/v, ethanol.
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and calculated as mol g 1 of dry extract.
Scavenging capacity:
The antioxidant capacity of the extract diluted with ethanol to concentrations ranging from 0.2 to 6 mg mL 1 was determined by the DPPH test [18] . Ethanol solution of DPPH radicals (1 mL of a 0.3 mM solution) was added to 2.5 mL of the investigated extract and allowed to react at room temperature for 30 min. Then the Ab value was measured at 518 nm on a VARIAN UV-Vis Cary-100 Spectrophotometer, and converted into the percentage of scavenging capacity by using the equation described by Mensor et al. ( 2001) [24] :
Scavenging capacity (%) = 100 -(Ab of sample -Ab of blank) x 100/Ab of control,
where "Ab of sample" is the absorbance at 518 nm of the ethanol solution of the extract treated with the DPPH radical solution; "Ab of blank" is absorbance at 518 nm of the ethanol solution of the extract (1 mL of ethanol added to 2.5 mL of extract), and "Ab of control" is absorbance at 518 nm of ethanol solution of DPPH radical (1 mL of a 0.3 mM added to 2.5 mL of ethanol 
